The present study was undertaken to determine the direct ionization and electron capture cohtributions to vacancy production in the M-shells of 79Au, 82Pb, 83Bi and 92U for incident '1F ions. M-shell x-ray production cross sections have been measured for 1.42-MeV/amu 9Fq+ ions for q=4, 5, 6, 8, 9 . Enhancements in the target x-ray production cross sections were observed for projectiles with one and two K-shell vacancies over those without K-shell vacancies. Direct ionization and electron capture contributions to the vacancy production were extracted from the data and compared to the plane wave Born approximation'' and to the OppenheimerBrinkman-Kramers415 calculations of Nikolaev6, respecti vely.
Introduction
In the past few years new interest has emerged in the study of inner-shell vacancy production in heavy ion-atom collisions. At high velocities, the two primary mechanisms involved are the direct ionization to the continuim (DI) and the electron capture by the projectile (EC). An ORTEC Si(Li) detector, with a resolution of 155 eV at 5.9 keV, was positioned at 90 degrees to the incident beam direction to detect the x-rays from the target. To determine the yield under a peak, a background of a second order polynomial was subtracted from the spectrum. A peakfitting program, which generates Gaussian peaks (shown by dashed curves in the figure), is used to determine the best fitting parameters. Due to non-uniqueness of the solution for these parameters, uncertainity is introduced in the yields which ranges from 1 to 6 percent.
A theoretical curve for the absolute efficiency of the Si(Li) detector was calculated by determining the attenuation of x-rays in the Be window, the Au contact layer and the Si dead layer"8. This curve was normalized to the measured efficiency points at x-ray energies of 3.3 keV and above.
A movable surface barrier detector counted the scattered particles. M-shell x-ray production cross sections were obtained by normalizing the x-ray yield to the Rutherford yield of scattered narticles.
The targets, which were made by vacuum evaporation and deposition of the target element on X 20 pg/cm2 carbon backings, were bombarded with 1 and 2 MeV proton beams to determine the target thicknesses. The target thickness dependence was determined for 79Au and 82Pb for incident '9F4± ions. The region of thickness, where M-shell x-ray production cross sections were essentially independent of the target thickness, was used for the projectile charge state dependent studies. The thicknesses of the targets used were 79Au (4.2 pg/cm2), 82Pb(12.5 pg/cm2), 83Bi(9.6 pg/cm2), 92U(3.5 pg/cm2).
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Results and Discussions
In Fig. 2 , the variation of a ratio of the x-ray yield to the Rutherford yield with the charge state q of '9Fq+ ion is plotted for various resolved peaks (see Fig. 1 ) Mp1p2, Mao, My, M2-N4 and for the sum peaks of MoiBy and total M. Within the experimental uncertainties, all of the ratios point toward a trend. The ratio for a particular peak at q=9 is larger than a ratio for the same peak at q=8, which in turn, is larger than the average of the ratio, for the same peak, at q=4,5,6. Further, the observed ratios, for any peak, are essentially independent of the projectile charge state for q=4,5,6. The charge state q=9 for 9Fq+ corresponds to a completely stripped nuclei, while q=8 corresponds to a hydrogen-like atom. Fig. 3 , an average of target M-shell x-ray production cross section, for projectile charge states q=4,5,6 of 9Fq+ is plotted versus Z1/Z2. Z, and Z2 are the atomic numbers of the projectile and target respectively. This average target M-shell x-ray production cross section corresponds to a sum of DI and electron capture to L, M and higher shells of the projectile. The dashed curve represents the DI calculation in the PWBA and includes no capture to any shells. The apparent good agreement between the experimental data and the PWBA theory may be fortuitous or it may indicate that EC to the L-,M-and higher shells is not a large contributor to target M-shell ionization at these energies and for these values Of Z1/Z2= 0.098 to 0.114 in the present experiment. The rather constant values of the ratio of x-ray to scattered particle yields in Fig. 2 for different The M-shell to K-shell EC cross sections are inferred by comparing the target M-shell x-ray production cross sections for the incident projectile with one or two K-shell vacancies, with the target M-shell x-ray production cross section for the incident projectile with no K-vacancies (q=4,5,6).
The theoretical M-shell to K-shell EC cross sections are determined by calculating them in OBK-N6 approximation for each of the initial orbital angular momentum states in the target M-shell. The final states are comprised of the K-shell of the projectile.
The theoretical M-shell to K-shell EC cross section is converted to an x-ray production cross section by using the fluorescence yield for each subshell 9'20 and the transition probabilities for transitions within the M-shell19. The EC cross sections, for one and two K-shell vacancies in the projectile, are inferred as previously outlined.
In Fig. 4 , cMEC which represents the inferred target M-shell x-ray production cross section due to the EC to the K-shell of the projectile qF with 1 K-shell vacancy (q=8) and 2 K-shell vacancies (q=9) are plotted versus Z1/Z2-OBK-N calculations of the x-ray produc- These cross sections were found to be independent of the projectile charge state q for q=4,5 and 6.
The ratio of M-shell x-ray yields with the Rutherford yields are seen to be enhanced for cases of 19F ions with one or two K-shell vacancies. This can be attributed to the formation of target M-shell vacancies via the electron capture from the M-shell of the target into the K-shell of the projectile.
The ratios of M-shell x-ray yields with the Rutherford yields is seen to be constant for cases 2.
